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Sco e of Research
Mahidol University, Tailand, 17 March - 11 April, 2003
Donghua University, China, 22 April - 25 April, 2003
CERMAV, France, 4 May - 17 May, 2003
Mahidol University, Tailand, 19 May - 18 August, 2003
The research activities in this subdivision cover structural studies and molecular motion analyses of highly organized
polymer materials in the different states by high-resolution solid-state NMR, electron microscopy, X-ray diffractometry, and
so on, in order to develop high-performance and high-functionality polymer materials such as organic electron luminiscence
devices and inorganic-organic molecular hybrids. The structure formation process of bacterial cellulose is also charcterized
in detail and new types ofcellulosic nanohybrid materials are examined to develop in different stages ofthe biosynthesis.
Presentations
Nanoassembly Structure and Its Changes of Bacterial
Cellulose, Horii F, 225thACS National Meeting, 24 March
(Invited).
Multidimensional Multiple-Quantum NMRAnalyses of
Local Structures in Solid Polymers, Kaji H, 52th Annual
Meeting, Soc. Polym. Sci., Jpn., 28 May (Invited).
AFM Observation of Band-like Cellulose Assemblies
Produced by Acetobacter Xy/inurn, Hirai A, Tsujii Y, Tsuji M,
Horii F, 52thAnnual Meeting, Soc. Polym. Sci., Jpn., 28 May.
Structure of Nano-Assemblies of Bacterial Cellulose
Produced in the Presence of Fluorescent Brightener with
Different Concentrations, Tsujitani K, Hirai A, Horii F,
Tsuji M, Annual Meeting, Cellulose Soc. Jpn, 18 July.
Solid Structure and Dynamics of Polymers - Recent
Research Progress, Horii F, 52th Symposium on Macro-
molecules, Soc. Polym. Sci., Jpn., 24 September (Invited).
Structure of Band-like Cellulose Assemblies Produced
by AcetobacterXylinum, Hirai A, Horii F,Tsujii Y, Tsuji M,
52th Symposium on Macromolecules, Soc. Polym. Sci.,
Jpn., 24 September.
Structure Analyses of Polymer Organic EL Materials
by Solid-State NMR Spectroscopy, Kaji H, Onoyama G,
Tsukamoto N, Horii F, 52th Symposium on Macromole-
cules, Soc. Polym. Sci., Jpn., 25 September.
Structures and Dynamics of Carrier Transport Materials
in Organic EL Devices, Kaji H, Tsukamoto N, Yamada T,
Horii F, 42th NMR Conf. Jpn., 26 November.
Grants
Kaji H, Higher Order Structures and Optical Properties of
Light-Emitting Polymeric Materials, PRESTO, Japan Science
and TechnologyAgency, 1November 2002 - 31 October 2005.
Hirai A, Preparation and Structural Analysis of Bacterial
CelluloselNatural Inorganic Nanocomposites, Grant-in Aid for
Scientific Research (C)(2), I April 2003 - 31 March 2005.
24 TOPICS AND INTRODUCTORY COLUMNS OF LABORATORIES
------
Sine-Modulated Two-Dimensional Pure Exchange
Solid-State NMR as a Tool for Characterizing Dy-
namics in Solids
We present a simple two-dimensional (2D) solid-state ex-
change NMR method to suppress significant undesirable di-
agonal signals, termed 2D sine-modulated pure exchange (2D
SIMPREX). Iwo delays, 't, incorporated in standard 2D ex-
change experiments modulate the 2D spectra with sin{(Q1-Q2)t},
where Q1 and Q2 are precession frequencies corresponding to
y- and x-axes of 2D spectra, respectively. A demonstration for
dimethyl sulfone (DMS), (CH3)2S02, is shown in Fig. 1. The di-
agonal signals are successfully suppressed by incorporating the
sine-modulation, which results in clear detection of 108° reori-
entation motion ofCH3groups in DMS. Another demonstration
is given for polyethylene, by combining this technique with
magic angle spinning. Not only the exchange signals between
the crystalline and noncrystalline components but also those
among the noncrystalline components in different states, which
could not be detected so far, are clearly observed. The 2D SIM-
Fig. 1 (a) Experimenta12D SIMPREX spectra ofDMS at 23 DC. (b)
Simulated spectra for (a) with reorientation angle of 108°. Both
the positive and negative signals are shown as solid lines. The
mixing time is 50 InS.
PREX techniques enable us to efficiently identify and
analyze the dynamics in solid materials, which are
difficult to be detected so far due to the overlap with
huge diagonal artifacts.
Fig. 2 (a) TEM photo of band-like cellulose assembly. (b) AFM
image of band-like cellulose assembly on the TEM grid. (c) Height
profile along the line b in Fig. 2b.
assembly were estimated from the X-ray diffraction
analysis. A structural model ofthe band-like cellulose
assembly was proposed on the basis ofthese results.
(c)(b)(a)
IEM, AFM and X-ray diffraction studies revealed the crys-
tal structure and higher order structures of cellulose assemblies
produced by Acetobacter xylium under different culture condi-
tions. IEM, however, gave only two-dimensional structural
information of the specimen. Recently, we have succeeded in
obtaining three-dimensional structural information by combin-
ing AFM and IBM observations. Fig. 2a shows a IBM photo-
graph ofband-like cellulose assembly on the IBM grid. Fig.2b
shows anAFM image of the same band-like cellulose assembly
on the same grid. The height of band-like cellulose assemblies
was estimated to be 20-30 nm from their AFM height profiles as
shown in Fig. 2c. The crystallite sizes in the band-like cellulose
AFM Observation of Cellulose Assemblies Pro-
duced by AcetobacterXylinum
Inorganic-Organic Molecular Hybrid Materials
with Polyoxometalate Cores
Antimonate, a kind of polyoxometalate, is expected to
use as core or building block for inorganic-organic nano-
hybrid materials because surface oxygens have high basicity.
[Sb406(OHMOSi(CH3Mt-C4~) }6t anion (1) was successfully
prepared by the reaction ofoctaantimonate [SbsOI2(OHhot with
t-butyl dimethyl silanol and the detailed structure was clarified
by solid-state NMR. In contrast, other silanols seem not to react
with octaantimonate in a similar way and the specific antimonate
frame may be destroyed. Substitution reactions were, therefore,
examined between the silanol residues and other silanols for
anion 1. As a result, two vinyl silanols ~H3Si(CH3)20H were
found to be introduced at the top and bottom sites as shown in
Fig. 3, which was obtained by single-crystal X-ray diffractome-
Fig. 3 Structure of[Sb.O.(OH).{OSi(CH3h
(C,H,)}2{OSi(CH,)2(t-e.H.)}.t anion (2).
try. Further reactions associated with the vinyl groups
ofanion (2) are in progress.
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